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• Drug interactions are an important and avoidable, yet underappreciated cause of phenytoin toxicity.
• Trimethoprim (TMP), a potent inhibitor of the CYP2C8 isoenzyme that is commonly administered with sulfamethoxazole (SMX) for the treatment of urinary tract infections, is known to reduce phenytoin clearance by 30%. Given the saturable nature of phenytoin metabolism, decreases in phenytoin clearance of this magnitude may be clinically significant.
WHAT THIS STUDY ADDS
• Prescription of TMP/SMX was associated with a more than doubling of the risk of hospitalization for phenytoin toxicity [adjusted odds ratio 2.11, 95% confidence interval (CI) 1.24, 3.60].
• Co-prescription of TMP/SMX and phenytoin is common. In our study, approximately 20% of phenytoin users received at least one prescription for TMP/SMX, thereby being placed at excess risk of phenytoin toxicity.
AIMS
Pharmacokinetic studies suggest that trimethoprim (TMP) can inhibit the hepatic metabolism of phenytoin, but the clinical relevance of this is uncertain. We studied the risk of phenytoin toxicity following the prescription of trimethoprim/sulfamethoxazole (TMP/SMX), a commonly used antibiotic, among elderly patients receiving phenytoin.
METHODS
We conducted a population-based, nested case-control study of a cohort of Ontario residents aged 66 years of age or older treated with phenytoin over a 17-year period (April 1 1992 to March 31 2009). Within this group, case patients were those hospitalized with phenytoin toxicity. For each case, we identified up to four control patients from the same cohort, matched for age and sex, and determined the odds ratio (OR) for the association between phenytoin toxicity and receipt of TMP/SMX in the preceding 30 days. 
RESULTS

Among
Introduction
Phenytoin is a commonly prescribed anticonvulsant medication for patients with seizure disorders [1, 2] . However, phenytoin use in the elderly is complicated by both agerelated changes in pharmacokinetics and concentrationdependent, saturable metabolism [3] [4] [5] [6] [7] [8] . As a result, serum concentrations of phenytoin can increase unpredictably even after small increases in dose. Drug interactions are an important yet avoidable cause of phenytoin toxicity. Phenytoin biotransformation is catalyzed by the cytochrome P450 enzymes 2C9, 2C8 and 2C19, and the concomitant administration of drugs that can inhibit these enzymes may predispose patients to phenytoin toxicity [9] [10] [11] . Trimethoprim (TMP) is a potent inhibitor of the CYP2C8 isoenzyme at clinically relevant concentrations, and is commonly administered with sulfamethoxazole (SMX) for the treatment of urinary tract infections [9] . In a small pharmacokinetic study, phenytoin clearance was reduced by 30% when combined with TMP [12] . Given the saturable nature of phenytoin metabolism, decreases in phenytoin clearance of this magnitude may lead to clinically significant increases in phenytoin concentrations. However, the clinical evidence supporting a meaningful interaction between TMP/SMX and phenytoin is presently limited to case reports [13, 14] .
Because phenytoin and TMP/SMX are commonly used medications, the likelihood of co-prescription is high. However, the risk of phenytoin toxicity associated with the combined use of phenytoin and TMP/SMX has not been studied. We sought to characterize the significance of this drug interaction in clinical practice.
Methods
We conducted a population-based, nested case-control study of Ontario residents 66 years of age or older treated with phenytoin between January 1 1992 and March 1 2009.The study was approved by the research ethics board of Sunnybrook Health Sciences Centre. Prescription medications were identified using the records of the Ontario Drug Benefit Program (ODBP), which records prescriptions dispensed to all Ontario residents aged 65 years or older. Hospitalization data and demographic information were obtained from the Canadian Institute for Health Information Discharge Abstract Database (DAD) and Registered Persons Database (RPDB), respectively. The DAD contains demographic and clinical information regarding hospital admissions, discharges and same-day surgeries from participating hospitals in Canada. The RPDB contains demographic information, including age, gender and date of death, on all Ontarians ever issued a health card. Finally, we used the Ontario Health Insurance Plan database to identify claims for inpatient and outpatient physician services.
These databases were linked in an anonymous fashion using encrypted health card numbers, and have been used previously to study population based health outcomes, including the consequences of drug-drug interactions [15] [16] [17] [18] .
For each patient, we identified a period of continuous phenytoin use beginning with the first prescription for phenytoin following the patient's 66 th birthday. We did not study medication use during the first year of eligibility for coverage (age 65 years) to avoid incomplete medication records. The observation period ended with the first hospitalization for phenytoin toxicity, death, end of study period (March 31 2009), or cessation of phenytoin treatment, defined as a lapse of more than 100 days between prescriptions; in these instances, we extended the observation period 180 days beyond the date of the last prescription, in order to identify outcomes which may have precipitated the cessation of treatment.
Within the cohort of continuous users of phenytoin, we defined cases as those hospitalized with a diagnosis of phenytoin toxicity (International Classifications of Diseases, 9th and 10th editions, codes 966.1 and T42.0, respectively). We included only patients who had phenytoin toxicity coded as an admission diagnosis, and excluded those in whom toxicity emerged during the course of hospitalization. The date of hospital admission served as the index date for all analyses, and only the first instance of hospitalization with phenytoin toxicity was considered for patients with more than one such admission during the study period.
From within the cohort of patients receiving phenytoin, we selected up to four controls for each case patient using incidence density sampling [19] . Controls and cases were matched for age at the index date (Ϯ3 years) and gender, and controls were assigned the index date of their matched case. When fewer than four potential controls were available for each case, we analyzed only those controls and maintained the matching process.
We used the ODB database to identify prescriptions for TMP/SMX in the 30 days prior to the index date for each case and control patient. Because TMP is invariably used in combination with SMX in Canada, we did not include prescriptions for TMP monotherapy. We selected a 30 day exposure window to provide sufficient time for complete enzyme inhibition, achievement of maximal phenytoin concentrations, and presentation to hospital following treatment with TMP/SMX. To test the specificity of our findings, we repeated our analysis using exposure to amoxicillin, which has similar clinical indications as TMP/SMX but is not expected to inhibit phenytoin metabolism or provoke phenytoin toxicity. Case and control patients who filled prescriptions for multiple exposure antibiotics in the 45 days preceding the index date were excluded from the analysis to avoid the potential contaminating effects of illness and multiple antibiotic exposures.
TMP/SMX-induced phenytoin toxicity
Statistical analysis
We compared the baseline demographic and clinical characteristics between cases and controls by using conditional logistic regression models. We also computed the standardized difference between the two groups for each variable, with differences of less than 0.1 taken to indicate good balance between the cases and controls for a given covariate [20] .
We used conditional logistic regression to estimate the odds ratio (OR) and 95% confidence intervals (CIs) for the association between hospitalization for phenytoin toxicity and receipt of TMP/SMX or amoxicillin in the preceding 30 days. Patients treated with neither of the exposure antibiotics served as the reference group. We used multivariable conditional logistic regression analysis to adjust for concomitant medical conditions and prescription drugs that might influence the risk of phenytoin toxicity (Appendix 1). We also adjusted for age category, income quintile, residence in a long-term care facility, number of prescription drugs dispensed in the preceding year [21] , history of hospitalization for phenytoin toxicity in the 1 year prior to cohort entry, and number of years receiving phenytoin treatment. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, North Carolina).
Results
Over the course of the 18 year study period, we identified 58 429 individuals aged 66 years or older treated with phenytoin. Of these, 11 545 (19.8%) received at least one prescription for TMP/SMX while receiving treatment with phenytoin, indicating that concomitant use of these drugs is common. A total of 796 patients from the cohort were hospitalized with phenytoin toxicity during follow-up. All cases were matched to four controls and were included in the analysis. Overall, cases and controls were similar with respect to baseline characteristics (Table 1) . However, as expected, case patients exhibited a greater degree of co-morbidity, received more prescription drugs in the preceding year, and were more likely to have been previously hospitalized for phenytoin toxicity.The proportion of cases admitted each year with phenytoin toxicity is summarized in Figure 1 .
In the primary analysis, a recent prescription for TMP/ SMX was significantly associated with hospitalization for phenytoin toxicity (Table 2) . Following multivariable adjustment, patients with a recent prescription for TMP/ SMX were more than twice as likely to be hospitalized for phenytoin toxicity [adjusted odds ratio (aOR) 2.11, 95% CI 1.24, 3 .60] as compared with no antibiotic exposure. As expected, we found no such association with amoxicillin (aOR 1.12, 95% CI 0.64, 1.98).
Discussion
In this population-based study spanning 18 years, we found a significant association between use of TMP/SMX and hospitalization for phenytoin toxicity. In contrast, no such risk was seen for amoxicillin, a commonly used antibiotic with similar indications to TMP/SMX but not expected to provoke phenytoin toxicity. Overall, our findings support the notion of a clinically meaningful drug interaction between TMP/SMX and phenytoin at the population level, and augment the findings of previous in vitro and pharmacokinetic investigations in this area by providing an estimate of the risk of phenytoin toxicity associated with this drug combination in clinical practice. Our findings have important clinical implications. Among our cohort of continuous phenytoin users, roughly 1 in 5 received at least one prescription for TMP/SMX during the study period, thereby being placed at excess risk of phenytoin toxicity. Although phenytoin-associated toxicity is rarely fatal, it is a uniformly avoidable form of Table 2 Association between antibiotic use and hospitalization for phenytoin toxicity drug-related harm attended by considerable morbidity and cost to the health care system. Consequently, strategies aimed at minimizing the risk of phenytoin toxicity are necessary co-requisites of treatment, particularly in vulnerable groups such as the elderly. Therefore, minimizing the use of drugs that inhibit phenytoin metabolism is desirable.When patients receiving phenytoin also require treatment with antibiotics, avoidance of TMP/SMX may be prudent when other options exist. Some limitations of our work merit emphasis. We used administrative data and had no information regarding concentrations of serum phenytoin or albumin, renal or hepatic function or medication adherence. In addition, the accuracy of hospital discharge coding for phenytoin toxicity is unknown. Importantly, however, these limitations apply equally to both TMP/SMX and amoxicillin. Our analysis focused on outcomes involving hospital admission, and we therefore did not identify cases of phenytoin toxicity managed in emergency departments or in the ambulatory setting. Our study may therefore underestimate the clinical consequences of this drug interaction. Furthermore, our findings may not apply to younger patients with fewer risk factors for phenytoin toxicity. Finally, as expected in a casecontrol study, our cases and controls differed at baseline with respect to variables that may influence the relationship between antibiotic use and hospitalization for phenytoin toxicity. However, this applies to both TMP/SMX and amoxicillin, rendering it an unlikely explanation for our findings.
In conclusion, we found that prescription of TMP/SMX to elderly patients receiving phenytoin was associated with a more than doubling of the risk of hospitalization for phenytoin toxicity. A similar risk was not observed with amoxicillin. Increased awareness of this drug interaction among pharmacists and physicians is necessary to ensure that the potential for this avoidable adverse drug reaction is minimized, either by selection of alternative antibiotics when clinically appropriate, or by close monitoring of patients for phenytoin toxicity when TMP/SMX is required.
